The giant freshwater prawn, Macrobrachium rosenbergii, is an economically important species. It is a euryhaline shrimp, surviving in wide-range salinity conditions. A change in gene expression has been suggested as an important component for stress management. To better understand the osmoregulatory mechanisms mediated by the gill, a subtractive and suppressive hybridization (SSH) tool was used to identify expressed transcripts linked to adaptations in saline water. A total of 117 transcripts represented potentially expressed under salinity conditions. BLAST analysis identified 22% as known genes, 9% as uncharacterized showing homologous to unannotated ESTs, and 69% as unknown sequences. All the identified known genes representing broad spectrum of biological pathways were particularly linked to stress tolerance including salinity tolerance. Expression analysis of 10 known genes and 7 unknown/uncharacterized genes suggested their upregulation in the gills of prawn exposed to saline water as compared to control indicating that these are likely to be associated with salinity acclimation. Rapid amplification of cDNA ends (RACE) was used for obtaining full-length cDNA of MRSW-40 clone that was highly upregulated during salt exposure. The sequenced ESTs presented here will have potential implications for future understanding about salinity acclimation and/or tolerance of the prawn.
Introduction
The giant river prawn, Macrobrachium rosenbergii, is a commercially important shrimp widely distributed in India and neighboring countries. Euryhalinity is the ability of an aquatic organism to tolerate wide salinity variations without compromising life process. M. rosenbergii is a euryhaline species that can survive in a wide range of salinity conditions. M. rosenbergii grows in freshwater but migrates to saline water (∼10 ppt) for the purposes of breeding and subsequent nursery rearing of larvae [1] . The estuarine environment is essential for the completion of larval metamorphosis and thereafter postlarvae undertake a return migration to the riverine region [2] . Migration is believed to be associated with the process of adaptability in different saline conditions. This species experiences different local microenvironments, especially salinity and temperature, during migration. As a result, they must have developed an osmoregulatory adaptive mechanism so as to survive in different environmental (saline) conditions.
Since M. rosenbergii migrates between brackish and fresh waters during their life cycle, this species will be suitable for studying underlining biochemical, physiological, and gene regulatory pathways. A change in gene expression has been an important component for stress management of living organisms [3] [4] [5] [6] . However, very little information is available about variations in gene expressions related to salinity tolerance in M. rosenbergii.
The Scientific World Journal
Gill plays a significant role in modulating ion transport either during freshwater to saline water acclimation or vice versa [6] [7] [8] [9] . A substantial decrease in K-phosphatase activity including lowered α-subunit protein levels of Na, K-ATPase, and a redistribution of enzyme activity into membrane fractions of different densities in salinity-acclimated shrimp (M. amazonicum) was documented [10] . Thus, gill tissues from shrimp exposed to fresh and saltwater should be one of the ideal organs for comparative genetic analysis of the molecular basis of physiological acclimatization. Most of the studies were restricted to one or small number of genes. The mechanisms of adaptability to saline water are expected to be a complex physiological process associated with branchial ion transport. It is essential to understand the complex physiological roles played by the gill.
The analysis of differential gene expression in the gill of shrimp exposed to saline water can reveal adaptive mechanisms to salinity stress. Identification of salinity-induced expression of transcripts in the gill will provide information about gill-specific adaptive response of the shrimp. Subtractive and suppressive hybridization (SSH) technique is an effective approach in identifying differentially expressed stress-induced genes in plants, fishes, and crustaceans [11] [12] [13] [14] [15] , especially when prior sequence knowledge is lacking.
In the absence of prior sequence knowledge for M. rosenbergii, a salinity-enriched cDNA library was generated from the gill, by using SSH technique, in order to identify salinity-tolerant transcripts. It was possible to generate sequence information of several ESTs; those are likely to be linked with regulatory pathways during salt water acclimatization. A subset of forward subtracted transcripts were upregulated as examined by quantitative real-time PCR (qPCR) for differential expression in gill exposed to saltwater by comparing with those cultured in fresh water. The fulllength cDNA sequence information was generated for one of those transcripts being highly upregulated.
Materials and Methods

Salt Treatment.
Adult M. rosenbergii were exposed to either salt water at 10 ppt and 24 ppt levels (freshwater was adjusted with sea water) or fresh water (0 ppt salinity) for 24 days in fiberglass-reinforced plastics (FRP) tank (3 separate tanks for 0 ppt, 10 ppt, and 24 ppt with 10 individuals in each tank) commonly being used for breeding purpose. After 24 days of treatments, gills of each individual were frozen in liquid nitrogen for total RNA extraction.
RNA Extraction.
The mRNA extraction was performed as described earlier [16] . Briefly, frozen gill tissues of M. rosenbergii were ground in liquid nitrogen. Total RNA was extracted using the TRIzol reagent following manufacture's instructions (Invitrogen). DNase I-treated RNAs were precipitated and resuspended into diethyl pyrocarbonatetreated water. Equal amounts of total RNA from each saltwater or freshwater-treated condition (5 individuals of each group) were mixed. The quantity and quality of isolated total RNA were examined by spectrophotometric readings and denaturing formamide/agarose gel electrophoresis. Poly-A tailed RNA enrichment was carried out using mRNA purification kit (Sigma, Aldrich, USA).
Construction of Subtracted cDNA
Library. SSH was performed using PCR-select subtraction kit (Clontech, USA) as described [17] with slight modifications. Briefly, cDNA was reversely transcribed from 1.5 μg of the mixed mRNA mentioned above using Mint cDNA synthesis Kit (Evrogen). Saltwater-treated cDNA was considered as tester and freshwater was treated as driver. Tester and driver cDNA were digested with RsaI, followed by adapter ligation to tester cDNA. Following two rounds of hybridization, primary and nested PCR amplifications were carried out for 27 and 12 cycles, respectively, to normalize and enrich the differentially expressed cDNAs. Subtractive efficiency was checked by PCR amplification (18, 23, 28, 33 , and 38 cycles) of the β-actin gene on subtracted and unsubtracted cDNA. The forward-subtracted secondary PCR products were purified and ligated into pGEM-T easy vector (Promega, USA) and transformed into Escherichia coli DH5α competent cells and plated onto agar plates to generate a subtracted cDNA library.
Quantitative Real-Time PCR (qPCR).
Quantitative realtime PCR (qPCR) for ESTs and the house-keeping genes were performed in triplicate for each cDNA sample using Light Cycler-480 SYBR Green I kit (Roche Diagnostics, Germany) in a Light Cycler 480 RT-PCR instrument (Roche Diagnostics, Germany) as described in [16, 18] . The qPCR was performed on cDNA generated from RNA obtained from the pooled RNA samples. Relative mRNA levels of target genes were normalized to RpL8 expression for each sample, and normalized standard deviations were calculated. Primer annealing temperature for target genes and RpL8 was 58
• C. Negative control PCR containing RNA template and RpL8 primers was performed for each sample to rule out the possibility of genomic DNA contamination.
Rapid Amplification of cDNA Ends (RACEs).
Since the expressions of MRSW-40 transcript were dramatically elevated to the tune of ∼15-fold in saline-exposed prawn as compared to control (0 ppt salinity) fishes, its fulllength cDNA sequence information was generated, by 5 -and 3 -RACE. RACE-PCR was performed to obtain the 5 -and 3 -ends of the MRSW-40 EST using Smarter RACE cDNA amplification kit (Clontech, USA) following protocol as described [16] with minor modifications. Gene-specific primers (GSP1 and GSP2) were designed from the obtained sequence data of MRSW-40 clone ( Table 1 ). The first PCR was performed using GSP1 and Universal Primer A mix (UPM; provided with the kit) with program as follows: 5 cycles of 30 sec at 94
• C, 3 min at 64
• C (for 3 -end and for 5 -end 70
• C) followed by 5 cycles of 30 sec at 94 • C, 30 sec at 62
• C (for 3 -end and for 5 -end 68 • C), 3 min at 72 • C and finally followed by 25 cycles of 30 sec at 94
• C, 30 sec at 60
• C (for 3 -end and for 5 -end 66 • C), and 3 min at 72
• C. Then, the second PCR was performed using GSP2 and Nested Universal Primer A (NUP; provided with the • C (for 3 -end) and 66
• C (for 5 -end), and 3 min at 72
• C. PCR products were separated on a 1.5% agarose gel, and desired bands were excised for purification using gel extraction kit (USB, USA). The purified fragments were cloned into pGEMT easy vector (Promega, USA) and then transformed into chemically competent DH5α cells. The positive inserts were sequenced using an automated ABI 310 genetic analyzer (Perkin-Elmer Applied Bios system). The sequences were verified using the BLASTN program (http://www.ncbi.nlm.nih.gov/blast). The amino acid sequence was deduced by Expasy translate tool (http://expasy.org/tools/dna.html) and verified using BLASTP at the same site.
Results
Assembly and Characterization of M. rosenbergii ESTs Generated by SSH.
To identify the genes involved in adaptability to saline water, a forward-subtracted cDNA library was constructed from the pooled mRNA extracted from the gill of M. rosenbergii exposed to salt water (10 and 24 ppt) representing tester cDNA and freshwater exposure as driver. The enriched transcripts generated by SSH are expected to be the representation of salinity-induced transcripts. Subtraction efficiency was evaluated by comparing the amplified housekeeping β-actin gene with the templates of subtractive and unsubtractive PCR products of second round (Figure 1(a) ). In the subtracted library, 33 cycles were necessary to detect the amplified band of β-actin gene compared with 23 cycles in the unsubtracted library. A substantial reduction in β-actin gene cDNA to subtracted testis cDNA indicated that a large number of constitutive genes were removed effectively, and salinity-specific genes were enriched successfully.
After subtraction, the cDNA fragments were cloned, and a total of 162 randomly picked clones contained inserts, ranging from 90 bp to 850 bp, and were considered for sequencing. Of the 162 clones sequenced, 127 nonrepeated, good-quality sequences were aligned to those in the GenBank databases. Ten clones belonged to the ribosomal proteins. Figure 1 (b) shows the BLAST results for the rest of 117 gene transcripts identified and submitted to GenBank (GenBank Accession nos. JK502144-JK502260). Sixty-nine percent (81 clones) of the unique sequences exhibited no significant homology to any previously identified genes (termed unknown). About 22% (26 clones) of putative transcripts showed significant (>65%) sequence homology with vertebrate genes (termed known) as shown in Table 2 , while 10 EST fragments (9%) showed homology only with unannotated ESTs (termed uncharacterized) as shown in Table 3 . Most of the uncharacterized ESTs matched with crustacean ESTs generated from various organs including gill (Table 3 ). All the clones of known category matched with stress-induced genes including 12 clones linked to salt tolerances for fish and shellfish species (Table 2) . This further validated the assertion that efficient enrichment of transcripts for salinity tolerance was achieved. Functionally known transcripts represented broad spectrum of biological pathways such as energy metabolism, signal transduction, transcription factors, and transport facilitators.
Relative Expression Pattern of Known and Unknown ESTs in the Gills of M. rosenbergii Exposed to Saline Water.
To validate the outcomes of SSH-mediated enrichment of salinity-induced transcripts, qPCR was performed to quantify the abundance of selected ESTs. Differential quantifications were examined for few known and unknown transcripts in the gills of M. rosenbergii exposed to seawater (adjusted to 10 ppt salinity) and freshwater (0 ppt salinity). The Scientific World Journal 5 Bp: base pair: SSH: suppression subtractive hybridization.
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The Scientific World Journal Seawater at 10 ppt salinity was chosen because hatcherybased breeding for M. rosenbergii in a mass scale is generally performed at around 10 ppt level. The known EST clones were selected based on earlier evidence associated with salinity-stress tolerance in other fish/crustacean and quality of sequence generated by SSH. Pooled mRNAs from the gills of ≥5 individuals from each experimental condition were selected for cDNA preparation. Evaluation of the best reference genes for qPCR is essential. Expression stability for house-keeping genes in the larvae, postlarvae, and gill of adult M. rosenbergii exposed to salt water and freshwater was analyzed using geNorm rankings as described [16, 32] . In this study, the mRNA quantity levels for GAPDH, RpL8, RpL18, β-actin, and Elfα house-keeping genes were tested. Among these, expression of RpL8 was identified as the most stable (data not shown) consistent with earlier findings [6, 11] , and hence, the qPCR data was normalized with RpL8. Figure 2 shows the fold change obtained between saltexposed and control samples. As expected, the relatively elevated levels of mRNA expressions (≥1.5-fold) were detected in salt-treated gill samples more than control with 9 interested known genes such as ubiquitin-specific protease (USP, MRSW-1), protein disulfide isomerase (PDI, MRSW-350), γ-aminobutyric acid (GABA, MRSW-18), ATP-binding cassette protein C12 (ABCC12, MRSW-43), calreticulin (CRT, MRSW-51), interleukin enhancer binding factor 2 (ILF2, MRSW-291), oligosaccharyltransferase complex (OST complex, MRSW-293), selenophosphate synthetase 1 (SPS1, MRSW-343), and phosphoenolpyruvate carboxykinase (PEPCK, MRSW-348). Heat shock protein 70 (HSP70) was known to be upregulated in brown trout and rainbow trout while migrated to saline water [5, 33] , but it possibly was not picked up as a clone in our study. HSP70 was taken as a positive control for our qPCR analysis. As expected, HSP70 expression was up-regulated in the gill of saline-treated prawns (Figure 2 ). These findings suggested their physiological significance with regard to osmoregulatory adaptive mechanism in diverse species including M. rosenbergii.
Of the unknown EST clones, the abundance of expressions for MRSW-40 and MRSW-559 clones was maximum in the tune of ∼15-and ∼26-fold, respectively, in salttreated gills (Figure 2) . The significantly higher level of expression for MRSW-195 was documented due to salt exposure. Salt exposure also caused increased levels (≥1.5-folds) of MRSW-38, MRSW-54, MRSW-98, and MRSW-532 mRNAs expressions in the gill. Thus, 7 unknown clones, being up-regulated in the gills of M. rosenbergii cultured in saline water, could be considered as novel ESTs that are most likely to be linked with salinity-stress tolerance. relative to start codon, and 311 bp 3 -UTR. The poly-A tail was identified within 3 -untranslated tail. A schematic representation of deduced amino acid (aa) for clone MRSW40 is shown in Figure 3 . The aa sequence derived from the clone MRSW40 was analyzed with the help of Expasy tool (www.expasy.org/tools/dna.html). Two important domains such as Glutamine-and Serine-rich corresponding to 16 to 37 aa and 89 to 182 aa, respectively, were identified. Thus, it was possible to identify and characterize full-length sequence information of one possible novel cDNA, whose expression levels are affected by salinity exposure.
Generation of Full-
Discussion
The present study is the first attempt to explore gene expression in the gill of commercially important M. rosenbergii exposed to saline water. In euryhaline species, adaptability to saline water is likely to be associated with complex trait, which is controlled and regulated by many genes. Because SSH works efficiently, especially in the absence of prior sequence information, we utilized this technique for 8
The Scientific World Journal a t g g a a c c t c a a g g g c c t a t c c a t a t c c c a a a c a t g a a g c a t g c t c a g c a g c c t a g c c a g M E P Q G P I H I P N M K H A Q Q P S Q t a c c a g a c t c a a c c c a a c c a g t t t c a a c a g c a g c a t g t t t a t c a a c a a c a g t c c g g t g a t a a t a a t g c a g g c a a t a c a g a g c a g g c a g t t c c c g a g c c g a a g a a g t a c a t g g g c g g c  N N N a t a t t c c a t c a c g g t c a t t c c g t a t g c t c c a a g c c a t g a c t g g g t c t g a t g a t g c c a c a  N c g c c g g a g a a c c t g c c a a t a c t t c t g a a t c t t c c a g c c a t c c t g a t g a t g a c a c a c a efficiently enriching a subset of genes that are up-regulated by salinity stress in the gill of M. rosenbergii. We have identified 26 ESTs encoding regulatory proteins associated with biological processes of salinity stress management. The encoded phosphoenolpyruvate carboxykinase (PEPCK), the key gluconeogenic enzymes associated with energy-requiring metabolic pathway, was enriched in the cDNA library. The elevated transcriptional level of PEPCK during hyperosmotic stress was documented earlier in magur (Clarias batrachus) and a euryhaline crab (Chasmagnathus granulate) [22, 23, 35] . Protein disulfide isomerase (PDI) is also involved in metabolic pathway, and its upregulation in the gill of saline-water-exposed prawns indicated that high-energy-demanding metabolic pathways are involved in salinity acclimation. Additionally, components of signaling pathways, transporters, and transcriptional regulators such as ubiquitin-specific protease (USP), γ-aminobutyric acid (GABA), oligosaccharyltransferase (OST) complex, calreticulin, and elongation factor 1 were up-regulated during saline exposure demonstrating that gill is actively involved
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The Scientific World Journal 9 in many cellular functions for transcriptional regulation of metabolism and maintaining homeostasis for saline water adaptability. USP was reported to be involved in managing ischemic stress tolerance [19] . Here, we provide evidence that it is involved in salinity stress tolerance. Calreticulin, located in endoplasmic reticulum (ER) lumen, has been functionally linked with signal transduction and homeostasis of Ca 2+ including acting as a protein-folding chaperone. It is involved in many biological processes of growth, reproduction, molting [36] , and stress responses of temperature, oxidative, and heavy metal contamination [24] . From this study, it is evidenced that it could also be used as a biomarker for salinity stress responses. Interleukin enhancer binding factor 2 (ILF2), a known transcriptional regulator for T-cellmediated immune defense against biotic stress caused by infection [27] , is up-regulated and hence might be involved in physiological process of euryhalinity. ATP-binding cassette (ABC) transporters form one of the largest protein families. ABC containing proteins participates in regulating ion channels in the plasma membrane, especially ATP-sensitive potassium channels [21] , and thus the ABC transcript identified in our study is most likely to be associated with osmoregulatory pathway. ABC protein C12 (ABCC12), a variant belonging to ABC gene family, has been cloned and characterized in mouse and human [37] . Its expression in various organs with highest in testis was documented. From this study, it appears that ABCC12 plays a significant role in salinity adaptation in the gill. However, its exact participatory role in salinity tolerance remains to elucidate. OST complex is a transporter that transfers the core oligosaccharide via N-linkage to an Asn residue of nascent peptide for downstream-regulated maintenance of homeostasis during salinity/osmotic stress [28] . An alternative pathway of selenocysteine (Sec) biosynthesis mediated by selenophosphate 1 (SPS1) protein exists only in aquatic arthropods including insects, but not in other eukaryotes, for oxidative stress tolerance [29] . In this study, SPS1 was found to be involved in salinity stress tolerance.
Of the 81 genes of unknown functions obtained from the SSH library, 7 selected transcripts (MRSW-38, MRSW-40, MRSW-54, MRSW-98, MRSW-195, MRSW-532, and MRSW-559) were up-regulated (≥1.5-folds) in the gill of saline-treated prawns. These transcripts are of particular interest because of their likely potential functions with salinity stress tolerances. Among these, since the expressions of MRSW-40 and MRSW-559 transcripts were dramatically elevated in the tune of more than15-fold in saline-exposed prawn as compared to control (0 ppt salinity), the full-length cDNA sequence information was generated for MRSW-40 EST to characterize and ascertain its functional relevance. The deduced 374 amino acid sequence of it contained two important domains, that is, glutamine-and serine-rich motifs. The regulatory roles of these two domains present in other proteins were associated with stress tolerance [38, 39] . It is believed that variable repeat-containing ORFs are associated with transcriptional regulation. Polymorphic proteins containing repeat sequences confer adaptive survival of the cell in the extreme environmental conditions. The presence of relatively longer 5 -UTR is most likely to be associated with regulatory noncoding regions. In this study, the knowledge gained from the full-length sequence for MRSW-40 would be of great help, in future, in dissecting regulatory role being played by it during salinity stress induction.
In conclusion, an up-regulated SSH library was constructed successfully from the gills of M. rosenbergii exposed to saline water. The ESTs screened from the library encode various molecules potentially associated with different biological processes, which are involved in cellular metabolic processes, signal transduction and biological regulation, response to stimuli, and other functions and unknown functions. The information generated from this study is expected to provide new insights into the salinity-mediated stress tolerance mechanisms of M. rosenbergii. Future studies could be undertaken to functionally validate these ESTs in vivo and to uncover physiological significance in response to salinity tolerance.
